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Preface 

The U.S. Department of Energyôs (DOE) Building Technology Office (BTO), a part of the 

Office of Energy Efficiency and Renewable Energy (EERE) engaged Navigant Consulting, Inc., 

(Navigant) to develop this research and development (R&D) roadmap for water heating 

technologies.  The initiatives identified in this report are Navigantôs recommendations to BTO 

for pursuing in an effort to achieve DOEôs energy efficiency goals. Inclusion in this roadmap 

does not guarantee funding; water heating initiatives must be evaluated in the context of all 

potential activities that BTO could undertake to achieve their goals.   

 

BTO also manages the residential appliance and commercial equipment standards program; 

however these activities are separate.  As part of the standards program, there are currently 

ongoing test procedure and standards rulemakings for residential and commercial water heating.  

To maintain the separation between emerging technologies activities and appliance standards 

activities, and to prevent undesirable interaction between the two, this roadmap does not cover 

the following topics: 

» Test procedures for residential and commercial water heaters 

» Energy efficiency descriptors 

» Efficiency standards levels 

» Grid-enabled water heating technologies 
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Executive Summary  

 

The U.S. Department of Energyôs (DOE) Building Technologies Office (BTO) within the Office 

of Energy Efficiency and Renewable Energy (EERE) works with researchers and industry to 

develop and deploy technologies that can substantially reduce energy consumption in residential 

and commercial buildings.  BTO aims to reduce building-related primary energy consumption by 

50% by the year 2030, relative to 2010 consumption.  Specifically for water heating, BTO 

identified primary energy savings targets of 19% by 2020 and 37% by 2030. 

 

This roadmap aims to advance BTOôs energy savings goals by identifying research and 

development (R&D) initiatives for high efficiency water heating technologies that can be 

deployed in the marketplace within 5 years.   

 

BTO R&D focuses on innovative initiatives that accelerate development of technologies. This 

includes those initiatives that produce near-term improvements, as well as those that advance 

development of next-generation or transformational technologies.   

 

This roadmap does not address early stage science research that is more suitable for the Office of 

Science, or late-stage market development activities that may be more suitable for industry or for 

the commercial or residential building integration teams (separate from the emerging 

technologies group) within BTO.   

 

To gather stakeholder input for this roadmap, BTO conducted one-on-one interviews and held a 

stakeholder forum on January 28, 2014.  Stakeholders provided more than 40 unique ideas for 

initiatives, and in addition, voiced support for many overarching themes in water heating R&D, 

including: 

¶ Simple and low-cost solutions 

¶ Installer-focused and end-user-focused designs  

¶ System-wide perspective that reflects understanding of the water/energy nexus 

 

After characterizing and analyzing each initiative, BTO developed a prioritized list using a 

multivariate analysis with both qualitative and quantitative metrics.  Table ES-1 shows the 

resulting tier 1 priority initiatives.  They include both direct-impact initiatives, which address 

specific technical innovations to provide energy savings, as well as enabling initiatives, which 

indirectly aid improvements in energy efficiency via supplementrary technologies, processes, or 

knowledge advances. 
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Table ES-1: Tier 1 Priority Water Heating R&D Initiatives 

Type Initiative/Activity  

Direct-Impact Support late stage development and commercialization of gas-fired absorption HPWH 

Direct-Impact 
Support research and commercialization efforts for residential-scale thermoelectric 
HPWH 

Direct-Impact 
Develop smart controls for water heating and integrate WH into smart building control 
systems 

Enabling 
Establish a research program to conduct lab-based studies on energy and water use 
impacts of different system architectures on water use and WH energy consumption 

Enabling 
Conduct large-scale field studies mapping hot water and WH energy consumption in 
buildings  

Enabling 
Research advanced manufacturing techniques and components for cost-effective CO2 
HPWH 

 
The report that follows provides detailed background on current R&D efforts in water heating, 

discussion of BTOôs overall approach to water heating R&D, and clear articulation of the tier 1 

priority initiatives.  The report is organized as follows: 

1. Introduction/Background  ï objectives, BTO role and current R&D 

2. Approach ï R&D roadmap development process steps 

3. Market Overview  ï current state of technology and the water heating market 

4. R&D Roadmap ï detailed discussion of tier 1 and tier 2 initiatives, as well as general 

discussion of themes; tier 1 initiative discussion includes discussion of technical and 

market barriers, timelines and milestones, and stakeholder roles. 
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1 Introduction 

1.1 Background 

1.1.1  BTO Role 

BTO works with researchers and industry to develop and deploy technologies that can 

substantially reduce energy consumption in residential and commercial buildings.  BTO aims to 

reduce building-related energy consumption by 50% by the year 2030, relative to 2010 

consumption.  Figure 1-1 shows the breakdown of building-related energy savings potential by 

end use as determined by BTO.  The baseline data (shown as a solid black line) represents the 

EIAôs projected energy consumption in buildings and each colored block represents BTOôs 

projected portion that can be offset through the use of emerging energy saving technologies for 

each end-use.     

 

 

Figure 1-1: Energy Savings Potential Relative to EIA Annual Energy Outlook (AEO) 

 

As part of the 50% target primary energy savings relative to 2010 consumption, BTO has 

identified water-heating-specific primary energy savings targets, including: 19% in the near-term 

(2020) and 37% in the long-term (2030).
1
  Assuming 40 quads of total annual primary energy 

consumption in the United States, 9% of which is for water heating, 37% constitutes 

approximately 1.3 quads of primary energy savings per year (3.3% of total energy consumption).  

Figure 1-2 details these calculations. 

 

                                                 
1 BTOôs target savings general information available at: www1.eere.energy.gov/buildings/technologies/index.html.  Specific 

breakdown by end-use based on slide 3 of a presentation by Pat Phalen, Emerging Technologies program manager.  (April 22, 

2014) Accessed September 2, 2014: energy.gov/sites/prod/files/2014/05/f15/BTO_PeerReview_ET_Overview_042214.pdf. 

http://www1.eere.energy.gov/buildings/technologies/index.html
http://energy.gov/sites/prod/files/2014/05/f15/BTO_PeerReview_ET_Overview_042214.pdf
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Figure 1-2: Energy Savings Potential for Water Heating 

 

The Energy Information Administrationôs (EIA) 2014 Annual Energy Outlook (AEO) provides a 

breakdown of primary energy consumption out to 2030 by both fuel source and sector for all 

water heating.  Figure 1-3 shows that residential energy use for water heating constitutes nearly 

80% of all water heating energy consumption. Within residential water heating, the fuels are split 

approximately evenly between gas and electric, with other (e.g., fuel oil, propane) representing 

only 5% of residential water heating energy consumption. 

 

 

Figure 1-3: Breakdown of Water Heating Consumption by Fuel and Sector 
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1.1.2 BTO Emerging Technologies Program Mission and Goals 

It is the job of the Emerging Technologies Program to accelerate development of new 

technologies to help achieve such energy savings goals.  As defined in its Multi -Year Work Plan 

(MYP), BTOôs mission is to: 

 

Develop and promote efficient and affordable, environmentally friendly, 

technologies, systems, and practices for our nationôs residential and commercial 

buildings that will foster economic prosperity, lower greenhouse gas emissions, 

and increase national energy security while providing the energy-related services 

and performance expected from our buildings.
2
 

 

As part of this mission, BTO targets reducing building-related primary energy use by 50% by 

2030, with a specific primary energy savings target of 37% for water heating (19% by 2020), as 

discussed in section 1.1.1, above. 

 

In September 2011, BTO published a water heating research and development (R&D) roadmap, 

developed by Navigant, to provide a pathway to realizing their savings goals in water heating 

technologies.
3
 As such, this report is an update to the 2011 report and includes new technology 

options that were not available at that time.  BTO updates roadmaps periodically to ensure that 

they reflect the most up-to-date needs of the industry and appropriately reflect changes in their 

R&D portfolio.  This roadmap update specifically incorporates three new key items: 

¶ Prioritization tool (P -Tool) ï BTO recently incorporated the P-Tool into their R&D 

planning process and uses it as a key point of comparison between all potential R&D 

options across all end uses. See section 2.2.2, for additional discussion. 

¶ New developments in key technology areas ï BTO identified four target areas in which 

they executed R&D activities since publication of the prior roadmap.   

¶ Recently developed/commercialized technologies ï heat pump technologies in 

particular have evolved rapidly in recent years, driving a need to reassess needs in the 

marketplace. 

This roadmap also presents BTOôs newly identified near-term efficiency and cost targets for four 

different water heating technology areas (based on analysis for the P-Tool): 

¶ Non-CO2 vapor compression heat-pump water heater (HPWH) ï See Figure 1-4 

¶ CO2 vapor compression HPWH ï See Figure 1-5  

¶ Non-vapor compression HPWH ï See Figure 1-6 

¶ Gas-fired HPWH ï See Figure 1-7 

 

Each figure shows the efficiency using the primary energy factor, as opposed to the typical 

Energy Factor (EF) metric.  The primary energy factor additionally accounts for the losses 

associated with generation/transmission/distribution of electricity for electricity-driven hot water 

                                                 
2 U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy. ñBuilding Technologies Program Multi-Year 

Work Plan 2011-2015.ò Accessed September 2, 2014: apps1.eere.energy.gov/buildings/publications/pdfs/corporate/myp11.pdf. 
3 ñResearch and Development Roadmap for Water Heating Technologies.ò Prepared for Oak Ridge National Laboratory by 

Navigant Consulting, Inc. (September 2011) Accessed September 2, 2014: 

btric.ornl.gov/pdfs/WaterHeatingTechnologiesRoadmap_9-30-2011_FINAL.pdf. 

http://apps1.eere.energy.gov/buildings/publications/pdfs/corporate/myp11.pdf
http://btric.ornl.gov/pdfs/WaterHeatingTechnologiesRoadmap_9-30-2011_FINAL.pdf
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heaters.  For example, a HPWH with an EF of 2.4 will have a primary energy factor of 2.4/3.096 

or 0.77, where 3.0961 is the conversion factor between primary and site energy.
4
  A conversion 

factor of 3.096 represents total energy conversion efficiency (including generation and 

distribution losses) of ~32% or 1/3.096.  The figures show costs in installed cost premium 

(dollars per gallon of first-hour-rating, FHR), which is relative to the installed cost of a typical 

baseline model using the same fuel as the target technology. For gas-fired equipment, the 

baseline is a typical gas-fired storage unit with a FHR of 67 and an installed cost of $945. For 

electric equipment, the baseline is a typical electrical-resistance storage unit with a FHR of 50 

and an installed cost of $600.
5
  

 

 

Figure 1-4: Cost and Efficiency Targets for Non-CO2 Vapor Compression HPWH 

 

 

Table 1-1 shows the underlying data for Non-CO2 vapor compression HPWH targets. 

 

Table 1-1: Underlying Data for Non-CO2 Vapor Compression HPWH Targets 

HPWH 
Energy 
Factor 
(EF) 

Installed 
Cost 

Premium 

First Hour 
Rating 
(FHR) 

Primary 
Energy Factor 

(PEF) 

Installed Cost 
Premium /FHR 

2015 2.2 $750 61.5 0.71 $12.20 

2020 2.5 $500 61.5 0.81 $8.10 

Source: BTO internal analysis, assuming $600 (installed cost) electric resistance storage model as baseline 

 

                                                 
4 The 3.1 primary-to-site energy conversion factor is used here for illustrative purposes only.   The actual conversion factor for a 

given installation will depend on local factors such as generation fuel/technology mix.   
5 Baseline assumptions based on BTO analysis for P-Tool, using EIA data as the primary basis. 
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Figure 1-5: Cost and Efficiency Targets for CO2 Vapor Compression HPWH 

 

Table 1-2 shows the underlying data for CO2 vapor compression HPWH targets. 

 

Table 1-2: Underlying Data for CO2 Vapor Compression HPWH Targets 

CO2 Vapor Compression EF 
Installed Cost 

Premium 
FHR PEF 

Installed Cost 
Premium /FHR 

2015 2.75 $1000 67 0.89 $14.90 

2020 2.9 $800 67 0.94 $11.90 

Source: BTO internal analysis, assuming $600 (installed cost) electric resistance storage model as baseline 

 

 

 

Figure 1-6: Cost and Efficiency Targets for Non-Vapor Compression Technologies 

 

Table 1-3 shows the underlying data for non-vapor compression HPWH targets.  
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Table 1-3: Underlying Data for Non-Vapor Compression HPWH Targets 

Non-Vapor Compression EF 
Installed Cost 

Premium 
FHR PEF 

Installed Cost 
Premium /FHR 

2015 1.1 $150 50 0.36 $3 

2020 1.6 $200 50 0.52 $4 

Source: BTO internal analysis, assuming $600 (installed cost) electric resistance storage model as baseline 

 

 

Figure 1-7: Cost and Efficiency Targets for Gas-Fired HPWH 

 

Table 1-4 shows the underlying data for gas-fired HPWH targets.   

 

Table 1-4: Underlying Data for Gas-Fired HPWH Targets 

Gas-Fired HPWH EF 
Installed Cost 

Premium 
FHR PEF 

Installed Cost 
Premium /FHR 

2015 1.2 $750 65 1 $11.50 

2020 1.3 $500 70 1.2 $7.10 

Source: BTO internal analysis, assuming $945 (installed cost) gas-fired storage water heater as baseline 

 

These targets represent a first-pass at determining realistically achievable goals in each 

technology area.   

 

1.1.3 Recent and Current R&D Activities 

BTO has been active in water heating R&D for many years; three of the most recent 

commercialized water heating technologies with which BTO has been involved include the 

GeoSpring electric heat pump water heater by GE, the Vertex residential gas condensing water 

heater by A.O. Smith, and the Emerson wireless water heater controller.  Figure 1-8 describes 

each technology and documents the technologiesô development statuses.  
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Figure 1-8: Water Heating Technologies Recently Commercialized with DOE Support 

 

BTO has also supported many additional technologies that have not yet been commercialized, 

including many with ongoing work.  Figure 1-9 shows a selection of these technologies.  

 

 

Figure 1-9: Selection of BTO-Supported Water Heating Technologies 
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The following subsections describe some of the R&D conducted since BTO published the prior 

water heating roadmap.  

 

1.1.3.1 Electrochemical Compressor  

BTO awarded a Small Business Innovation in Research (SBIR) grant to the developer of 

electrochemical compressors for HPWH applications. Simulations of the product show a 

compressor COP of ~4 is achievable as compared to 2.5-3 for high-efficiency, commercially 

available HPWH compressors.   In Phase I, the grant recipient developed the core technology for 

a 50 gallon unit. In Phase II (currently underway), they will create a prototype heat pump hybrid 

hot water heater using their electrochemical compressor.
6
 

 

1.1.3.2 CO2 Vapor Compression HPWH 

The CO2 HPWH projects, conducted under Cooperative Research and Development Agreements 

(CRADA), aim to create an ENERGY STAR-qualified CO2 HPWH.  By using CO2 as the 

working fluid, instead of R-134a or other high-global warming potential (GWP) refrigerants, the 

equipmentôs vapor compression system will have a GWP of 1 and an ozone depletion potential 

(ODP) of zero. Further, CO2 HPWHs have been shown to provide higher efficiencies and operate 

at lower ambient conditions than traditional HPWH in places like Japan where their use is more 

widespread.
7
 

 

For commercial equipment, DOE funded a grant to develop a CO2 HPWH with 20% better cycle 

efficiency than the baseline CO2 HPWH.  Further, this project aimed to develop control 

algorithms that would allow for continual use of the free cooling from the cold side of the heat 

pump.  Restaurants, hotels, and hospitals benefit from such equipment due to typically year-

round space cooling and water heating needs.
8
 

 

1.1.3.3 Non-Vapor Compression 

The thermoelectric HPWH project supports BTO efforts for non-vapor compression water 

heating.  The targets for this project (currently a phase II SBIR grant) include a COP of 1.1 with 

a retail cost of less than $500 for a 50 gallon unit.
9
 

 

1.1.3.4 Gas-Fired HPWH 

BTO awarded a grant to work on a gas-fired HPWH in partnership with the National Energy 

Technology Laboratory (NETL). The target is an Energy Factor (EF, primary or source-fuel 

basis) that is 2.4 times higher than conventional gas storage water heaters and 2.1 times higher 

than conventional electric heat pump water heaters.
10

  

 

                                                 
6 More information available on the electrochemical compressor SBIR at: www.sbir.gov/sbirsearch/detail/408804 and 

energy.gov/eere/buildings/articles/small-businesses-receive-2-million-advance-hvac-technologies 
7 More information available on CO2 HPWH work at: energy.gov/eere/buildings/carbon-dioxide-heat-pump-water-heater-

research-project. 
8 More information available at: 

www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx?AwardIdSur=113975&AwardTy

pe=Grants 
9 More information available at: aceee.org/files/pdf/conferences/hwf/2013/7A-pokharna.pdf and 

www.sbir.gov/sbirsearch/detail/408724.    
10 More information available at: 

www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx?AwardIdSur=118923&AwardTy

pe=Grants%20 and aceee.org/files/pdf/conferences/hwf/2011/3B%20-%20Garrabrant.pdf.  

file:///C:/Users/wgoetzle/AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/D32Y5IYJ/www.sbir.gov/sbirsearch/detail/408804
http://energy.gov/eere/buildings/carbon-dioxide-heat-pump-water-heater-research-project
http://energy.gov/eere/buildings/carbon-dioxide-heat-pump-water-heater-research-project
file://WDC1FLS01/EEPA-AMS/Other%20Projects/170689-03%20-%20DOE%20-%20WH%20R&D%20Roadmap/Deliverables/Final%20Report/www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx%3fAwardIdSur=113975&AwardType=Grants
file://WDC1FLS01/EEPA-AMS/Other%20Projects/170689-03%20-%20DOE%20-%20WH%20R&D%20Roadmap/Deliverables/Final%20Report/www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx%3fAwardIdSur=113975&AwardType=Grants
http://aceee.org/files/pdf/conferences/hwf/2013/7A-pokharna.pdf
http://www.sbir.gov/sbirsearch/detail/408724
http://www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx?AwardIdSur=118923&AwardType=Grants%20
http://www.recovery.gov/arra/Transparency/RecoveryData/pages/RecipientProjectSummary508.aspx?AwardIdSur=118923&AwardType=Grants%20
http://aceee.org/files/pdf/conferences/hwf/2011/3B%20-%20Garrabrant.pdf
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DOE supports additional work on gas-fired HPWH through a CRADA between DOE, Oak Ridge 

National Laboratory and a CRADA manufacturing partner.  They target an efficiency 

improvement of 40% over conventional gas-fired storage water heaters.
11

    

 

1.2 Technology and Market Scope 

BTO R&D focuses on innovative initiatives that accelerate development of technologies.  

However, in select cases, BTO also supports initiatives that can drive innovation broadly 

throughout the industry and enable future breakthroughs. We define these two types of 

technologies as follows, both of which we cover in this roadmap: 

¶ Direct-impact initiatives ï R&D that targets technical innovations in a specific 

component, system, or type of technology that will directly provide energy savings, e.g., 

development of improved heat exchangers for CO2 HPWH. See section 4.2 for direct-

impact technology initiatives. 

¶ Enabling initiatives ï  R&D that indirectly aids improvements in energy efficiency 

through development of supplementary technologies (e.g., sensors) or through advances 

in processes (e.g., manufacturing) or knowledge (e.g., data collection) that benefits many 

types of technologies, e.g., development of modeling software.  See section 4.3 for 

enabling technology initiatives. 

 

This roadmap does not address early stage science research that is more suitable for the Office of 

Science, or late-stage market development activities that may be more suitable for industry or for 

the commercial or residential buildings groups (separate from the emerging technologies) within 

BTO.   

 

This roadmap covers residential and commercial water heating systems, including the heating 

appliance/equipment (all fuel sources), the distribution system, the controls, and any associated 

components.  Figure 1-10 shows a non-exhaustive overview of the various technologies covered 

in this roadmap in three different categories: Equipment, System Architecture, and Supporting 

Technologies.   

 

                                                 
11 More information available on Gas-Fired HPWH research at: energy.gov/eere/buildings/gas-fired-absorption-heat-pump-water-

heater-research-project and energy.gov/sites/prod/files/2013/12/f5/emrgtech10_gluesenkamp_040313.pdf.  

http://energy.gov/eere/buildings/gas-fired-absorption-heat-pump-water-heater-research-project
http://energy.gov/eere/buildings/gas-fired-absorption-heat-pump-water-heater-research-project
http://energy.gov/sites/prod/files/2013/12/f5/emrgtech10_gluesenkamp_040313.pdf
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Figure 1-10: Water Heating Roadmap Technology Scope (Not Exhaustive) 

 

While solar is included in this roadmap, we try to prevent overlap with BTOôs report ñResearch 

and Development Needs for Building-Integrated Solar Technologies,ò published in January of 

2014, so solar related activities are not heavily represented.
12

 

 

1.3 BTO WH R&D Approach  

In working to achieve the BTO energy savings goals (see section 1.1.1, above), BTO has 

developed a two pronged approach to support research in emerging water heating technologies, 

as illustrated in Figure 1-11.  The two parallel pathways are: 

1. Low-Cost Efficiency ï Develop new cost-effective water heating solutions, targeting a 

price point that makes efficient water heating attractive to mass markets.  E.g., support 

development of non-vapor compression heat pump water heater that is cost competitive 

with current baseline electric storage water heaters but with higher efficiency.   

2. Premium Efficiency ï Improve performance of ultra-high efficiency water heaters 

aimed at customers willing to pay a premium for high efficiency products. E.g., 

improve efficiency of heat-pump water heaters. 

 

 

 

                                                 
12 William Goetzler et. al. ñResearch and Development Needs for Building-Integrated Solar Technologies.ò prepared for BTO by 

Navigant Consulting, Inc. January 2014. Accessed September 2, 2014: 

energy.gov/sites/prod/files/2014/02/f7/BIST_TechnicalReport_January2014_0.pdf. 

http://energy.gov/sites/prod/files/2014/02/f7/BIST_TechnicalReport_January2014_0.pdf










http://www.nrel.gov/docs/fy12osti/54799.pdf


http://energy.gov/sites/prod/files/2013/12/f5/ptool_overview_abramson_040213.pdf


http://www.eia.gov/consumption/residential/data/2009/




http://www.energystar.gov/certified-products/detail/high_efficiency_electric_storage_water_heaters
http://www.energystar.gov/certified-products/detail/high_efficiency_electric_storage_water_heaters
http://www.nrel.gov/docs/fy12osti/54793.pdf
http://btric.ornl.gov/pdfs/WaterHeatingTechnologiesRoadmap_9-30-2011_FINAL.pdf












http://www.nrel.gov/docs/fy08osti/42306.pdf


http://aceee.org/files/pdf/conferences/hwf/2013/6A-garrabrant.pdf
file://wdc1fls01/EEPA-AMS/Other%20Projects/170689-03%20-%20DOE%20-%20WH%20R&D%20Roadmap/Client%20Deliverables/Final%20Report/apps1.eere.energy.gov/buildings/publications/pdfs/corporate/rd_breakthroughs.pdf
http://web.ornl.gov/adm/partnerships/factsheets/10-G01078_ID2389.pdf
http://web.ornl.gov/adm/partnerships/factsheets/10-G01078_ID2389.pdf








http://aceee.org/files/pdf/conferences/hwf/2013/7A-pokharna.pdf








http://techportal.eere.energy.gov/technology.do/techID=1181


http://www1.eere.energy.gov/buildings/pdfs/ghp_rd_roadmap2012.pdf


http://energy.gov/sites/prod/files/2014/02/f7/BIST_TechnicalReport_January2014_0.pdf












http://aceee.org/files/proceedings/2006/data/papers/SS06_Panel1_Paper25.pdf

























	Preface
	Acknowledgements
	List of Acronyms
	Executive Summary
	Table of Contents
	1 Introduction
	1.1 Background
	1.1.1  BTO Role
	1.1.2 BTO Emerging Technologies Program Mission and Goals
	1.1.3 Recent and Current R&D Activities
	1.1.3.1 Electrochemical Compressor
	1.1.3.2 CO2 Vapor Compression HPWH
	1.1.3.3 Non-Vapor Compression
	1.1.3.4 Gas-Fired HPWH


	1.2 Technology and Market Scope
	1.3 BTO WH R&D Approach
	1.4 Objective of this Roadmap

	2 Roadmap Approach
	2.1 Stage 1: Identify Technologies and Define Initiatives
	2.2 Stage 2: Prioritize Initaitves
	2.2.1 Prioritization
	2.2.2 BTO Prioritization Tool – Direct-Impact Initiatives Only

	2.3 Stage 3: Develop R&D Roadmap

	3 Market Overview
	3.1 Current Technological Landscape
	3.1.1 Residential Equipment
	3.1.2 Commercial Equipment

	3.2 State of the Market – Equipment Trends
	3.3 Barriers to Achieving Energy Savings

	4 Research & Development Roadmap
	4.1 Central Themes
	4.2 Roadmap for Direct-Impact R&D Initaitives
	4.2.1 Support Late Stage Development & Commercialization of Absorption HPWH
	4.2.2 Support Research & Commercialization of Residential Thermoelectric HPWH
	4.2.3 Develop Smart Controls & Integrate into Smart Building Control Systems
	4.2.4 Tier Two Direct-Impact Initiatives
	4.2.4.1 (ID #4) Improve compressor technologies for HPWH
	4.2.4.2 (ID #5) Support commercialization of grey-water-source HPWH
	4.2.4.3 (ID #6) Develop advanced thermal storage tanks
	4.2.4.4 (ID #7) Develop commercial HPWH with flexibility to meet base load demands, peak demands, and recovery time requirements
	4.2.4.5  (ID #8) Develop optimal Configurations for PV Assisted HPWH by supporting lab testing and product development efforts
	4.2.4.6  (ID #9) Develop commercially viable, non-sorption-based thermally driven HPWH


	4.3 Roadmap for Enabling Technology R&D Initiatives
	4.3.1 Water/Energy Use Research Program
	4.3.2 Large-Scale Field-Based Consumption Study
	4.3.3 Advanced Manufacturing for CO2 HPWH
	4.3.4 Tier Two Enabling Technology Initiatives
	4.3.4.1 (ID#4) Research low-cost, advanced smart metering techniques for water and energy consumption
	4.3.4.2 (ID #5) Develop open source simulation tools for technology design and testing
	4.3.4.3 (ID #6) Demonstrate commercial-scale fuel cells and CHP in WH applications
	4.3.4.4 (ID #7) Conduct detailed energy analyses and field demonstrations on high-efficiency combination systems (HVAC and WH)
	4.3.4.5 (ID #8) Research the best ways to design WH systems for easy installation in retrofit applications, and develop best practices guide for retrofit WH technologies
	4.3.4.6 (ID #9) Educate installers, designers, & consumers on the benefits high-efficiency water heating via field demonstrations & development of associated education & training materials
	4.3.4.7 (ID #10) Update hot water system design resources and sizing processes, and develop updated training programs for installers


	4.4 Water Heating R&D Portfolio Review

	5 Appendix A – Water Heating Forum Summary Report

